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(54) DRY ETCHING METHOD 
(57)Abstract: 

PURPOSE: To facilitate reactive ion etching for a magnetic material by using carbon 
monoxide gas, in which a nitrogen-containing compound gas is added, as a reactive gas to 
etch the surface of a metal or alloy. 

CONSTITUTION: At the time of etching the surface of the metal or alloy, carbon monoxide 
gas, in which the nitrogen-containing compound gas is added, is used as the reactive gas. A 
magnetic metal or magnetic alloy is etched by using the carbon monoxide gas, in which 
ammonia or an amine gas is further added. Any method using AC high voltage, high 
frequency wave or microwave can be used as a means for generating the plasma of the 
reactive gas only if it is a means for generating glow discharge plasma under a reduced 
pressure. Fine machining for the magnetic alloy is realized by the method. And even the 
production of a quantum effect ceramic element, which will be practical in future, is enabled. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A dry etching method characterized by etching the surface of a metal or an alloy by making 
into reactant gas carbon monoxide gas which added nitrogen-containing compound gas. 
[Claim 2] A dry etching method of claim 1 characterized by carrying out surface etching by making into 
reactant gas carbon monoxide gas which added ammonia or amines gas. 

[Claim 3] A dry etching method of claims 1 or 2 which etch a magnetic metal or a magnetic alloy. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the dry etching method. This invention relates to the 
dry etching method useful to micro processing in creation of the quantum effect magnetic cells, such as 
creation of micro magnetic cells, such as the thin film inductive magnetic head, a micro inductor, a 
micro transformer, a thin film magneto-resistive effect arm head, and a thin film permanent magnet, and 
a micro magnetic circuit, and a spin dispersion magneto-resistive effect element, a spin bulb element, a 
ferromagnetic tunnel junction element, a spin electric field effect element, a spin field-effect transistor, a 
bipolar soot pin switch, etc. in more detail. 
[0002] 

[Description of the Prior Art] Generally minute semiconductor devices and magnetic cells, such as a 
VLSI, are manufactured combining two processes of lithography technology and etching technology. 
Lithography technology is technology which makes a detailed graphic form to films, such as a resist 
film applied to the work material (film [ of a semiconductor ], and film of the magnetic substance) 
surface, and there are photolithography technology of performing it using ultraviolet rays, electron- 
beam-lithography technology of performing it using an electron ray, and ionic line lithography 
technology performed using an ionic line in this. 

[0003] Moreover, etching technology is technology which imprints to the semiconductor thin film 
aiming at the resist pattern produced with lithography, a magnetic-substance thin film, etc., and forms an 
element. About the latter etching method, the wet etching technology in which only a workpiece is 
alternatively dissolved to a resist using an acid or an alkali aqueous solution was common. However, the 
wet etching method was difficult for there being a trouble of turning also around the portion of the 
shadow covered by the resist, and corroding it, and forming minute structure, in order that dissolution of 
a workpiece might progress isotropic. Especially, it was a magnetic material, and formation of 
microstructure was still more difficult when it was going to process a material [******]. 
[0004] Then, in order to solve such a trouble, the reactive-ion-etching method which used the plasma of 
low-pressure reactant gas is developed. This reactive-ion-etching method is the method of stripping off 
the atom on the workpiece surface physically in a chemical list with the ion which carries out incidence 
perpendicularly to the surface of a workpiece in the plasma, and anisotropy processing is possible for it. 
Therefore, since there is no surroundings lump of the corrosion to the portion of the shadow covered by 
the resist which is the trouble of the wet etching method, detailed processing is possible. Furthermore, 
the wet etching method is excelled in the point that a reactive-ion-etching method has a small problem 
over the request of the chemical adhesion of a resist mask and a workpiece, and the pinhole of a resist 
mask. 

[0005] For this reason, in various kinds of semiconductor devices and the micro-processing process of a 
division silicon VLSI, the reactive-ion-etching method was set to one of the basic technology of silicon 
technology from the middle of the 1970s, and accomplished big development. If it says by the dynamic 
random access memory (DRAM), they will be 16kbit(s) of 5-micrometer Ruhr. It is from the time of 
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DRAM. Moreover, this technology is applied also to compound semiconductors, such as gallium 
arsenide and gallium phosphorus, and, recently, has arrived at the region of utilization. 
[0006] However, in the field of a magnetic material, application of reactive ion etching which has the 
above features was difficult in spite of progress of such reactive-ion-etching technology in the 
semiconductor field. For this reason, in manufacture processes, such as magnetic bubble memory, a 
bloch line memory, the thin film magnetic head, a thin film magnetic sensor, a magnetic-head slider, Cu 
thin line for conductors, and a coil, the argon ion etching method shown, others, for example, drawing 
4 , was used. [ method / which was mentioned above / wet etching ] 

[0007] By this argon ion etching method, in the equipment with which the thermoelectron gun (3) and 
the movable workpiece stage (4) are installed in the reaction container (2) equipped with a vacuum 
pump (1), the argon gas (5) introduced in the reaction container (2) by which vacuum length was carried 
out with the vacuum pump (1) is excited by the thermoelectron gun (3), and serves as the argon ion 
source (6). And according to the potential difference given to a drawer electrode (7), it becomes an 
argon ion beam (8) and has structure irradiated at the workpiece (9) on a movable workpiece stage (4). 
[0008] But by the wet etching method, a limit is in detailed-ization, and it is the method of shaving off a 
workpiece physically by the argon ion etching method using a sputtering operation of argon ion, since 
there is no chemical operation, there is no selectivity, as mentioned above, and processing a depth of 
several micrometers, since etching speed is about several nm/minute took time amount, and there was a 
defect that effectiveness was low. 

[0009] In addition, in the case of a magnetic material, the reason with difficult application of a reactive- 
ion-etching method is as follows. That is, in reactive ion etching, the ion which is the chemical active 
species of the reactant gas which occurred in the plasma, a radical, and a neutral kind stick to the surface 
of the quality of a workpiece, the workpiece surface and a chemical reaction are performed, and a 
reaction layer with low binding energy is formed. Then, the surface of a workpiece is exposed to the 
perpendicular impact of a cation in the plasma. For this reason, the surface reaction layer in which 
binding energy loosened becomes physically that it is easy being skinned (sputtering operation). Thus, 
reactive ion etching is a process which a chemical operation and a physical operation take place to 
coincidence, and advances, the selectivity by material is acquired, and the anisotropy of cutting 
workpiece at right angles to the surface is acquired. 

[0010] The physical semantics of the binding energy of a surface reaction layer is almost the same as 
that of the vapor pressure of the material, it is whether the surface reaction layer material formed of the 
plasma tend to evaporate in a vacuum, and it is judged whether reactive ion etching goes well, however, 
with the magnetic material (for example, permalloy) used as a principal component, a transition-metals 
element (for example, Fe, nickel) CF4 used by reactive ion etching, and CC14 Although a halogenated 
compound (for example, FeC12, FeC13, and NiC12) as well as a semiconductor material will be formed if 
the plasma is used these transition-metals halogenated compounds - SiC14 and GaC13 etc. - since 
binding energy is far large as compared with the halogenated compound of a semiconductor element, it 
is hard to evaporate, and is hard to receive a spatter operation, and a reaction has the problem of 
stopping there. 

[001 1] then, the temperature up ion etching method according to K.Kinoshita and others as what solves 
this problem (K.Kinoshita, K.Yamada and H.Matutera.IEEE Trans.Magn., and 27 (1981) --) 4888. is 
proposed and it is CC14. In addition to the general plus chemical reaction system using the plasma, a 
workpiece is irradiated with the infrared radiation from a halogen lamp, and it is characterized by 
heating a workpiece at 270-370 degrees C. It is the method of evaporating transition-metals halide 
thermally with this heating. 

[0012] However, by this method, since heating temperature has crossed the heat-resistant limit of the 
resist mask of a high molecular compound, there is a defect that it must change to the usual resist mask 
and the heat-resistant good minerals of glass (Si02), an alumina (aluminum 203), etc. must be used as a 
mask material. Moreover, although this method was effective in the Sendust alloy (Fe-Si-aluminum 
alloy), there were other magnetic materials, pure Fe, a permalloy (Fe-nickel alloy), and a defect that a 
quick etching speed was not obtained to Cu, further. 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



3/4/2004 



Page 3 of 5 



[0013] On the other hand, the efforts for for establishing the new system of reaction have also been 
made about the reactive-ion-etching method for a magnetic material. The method using the plasma of 
carbon monoxide (CO) gas is for example, M. J.Vasile. J.Mogab inquires. (M. J.Vasile, J.Mogab, 
J.Vac.Sci.Technol.A4 (1986), 1841.) . by this method, the activity radical of CO is made to generate 
transition-metals carbo nil compounds, such as etc., Fe - (- CO --) - five — nickel - (-- CO --) - four - 

- Co - two - (- CO --) ~ five - on the transition-metals surface of a workpiece, it is stripped off 
according to the evaporation in the inside of a vacuum, or a sputtering operation, and it is making to etch 
into that principle. A transition-metals carbo nil ghost is the only compound with small binding energy 
in a transition-metals ghost. However, this method had the very slow etch rate, and research of these 
single strings was not successful. 

[0014] This invention is made in view of the situation as above, solves the problem of the conventional 
technology, and aims at offering the new method of making reactive ion etching possible to the 
magnetic material which uses a transition-metals element as a principal component. 
[0015] 

[Means for Solving the Problem] This invention offers a dry etching method characterized by etching a 
metal or the alloy surface by making into reactant gas carbon monoxide gas which added nitrogen- 
containing compound gas, in order to solve the above-mentioned technical problem. Moreover, this 
invention also offers a dry etching method characterized by to use ammonia and amines gas as reactant 
gas, and performing surface etching of a magnetic metal or a magnetic alloy further as a mode in an 
above-mentioned method. 
[0016] 

[Function] That is, the chemical reaction which this invention expected in the plasma about the method 
of using the previous carbon monoxide gas plasma inquires wholeheartedly about the cause of not going 
on, and is completed based on the knowledge acquired as that result. That is, CO molecule is C02 which 
consists of a carbon simple substance of 0 **, and tetravalent carbon ion by the ununiformity-ized 
reaction of a degree type in the plasma. Decomposing into a molecule, introduced CO molecule has the 
problem that it does not contribute to generating transition-metals carbo nil. 
[0017] 
[Formula 1] 

2 CO 1 — *C + CO* 

[0018] Then, this artificer examined adding the molecule for not making this ununiformity-ized reaction 
cause or delaying into the plasma. More specifically, it is NH3. Gas, organic amine gas, H2 S gas, and 
S02 Gas, S steam and SF4 Gas, H2 S gas, and H2 Gas, HC1 gas, and CC14 Steam, CH4 Gas and CHC13 
Gas and CH2 C12 Gas and CHC13 Gas, CF4 Gas and CHF3 Gas and CH two F2 Gas and CHF3 Gas etc. 
was introduced into the plasma reaction container with CO gas which is reactant gas, respectively, and 
the class of molecular species generated using a mass spectrometer was measured. Consequently, it is 
NH3 especially. It became clear that it was effective in suppressing the ununiformity-ized reaction (1) of 
the above [ the gas of amines ]. moreover ~ next, NH3 introduced into a reactive ion etching system etc. 

- changing the mixing ratio of gas and CO gas, reactive ion etching of a permalloy thin film was 
actually performed, and the speed of etching was measured. It etched on the same conditions also about 
Si (100) single crystal and alumino way silica glass (Corning 7059 glass) for the comparison. 

[0019] Drawing 1 summarizes the result. That is, the etching speed to the permalloy in CO gas simple 
substance is NH3 to 1.3nm being a part for /. Increasing as the concentration of gas increased, the 
presentation of 49mol%NH3-CO showed the maximum and etching speed increased even to a part for 
about 1 lnm/. Furthermore, NH3 If concentration is increased, etching speed will decrease, and it is 
NH3. Alone, it was a part for about 4nm/. This is NH3 in the plasma. It is shown that it is essentially 
important from the operation effect that gas and CO gas live together. Furthermore, supplying the 
reactant gas constant rate of the presentation with the most remarkable effect of 49mol%NH3-CO to a 
reactive-ion-etching reaction container, by changing an evacuation pumping speed, drawing 2 changes 
the pressure within the reaction container of reactant gas, and shows the result of having measured the 
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etch rate. From this drawing 2 , it depended heavily, the pressure of 2.4x1 0-8Torr showed the maximum, 
and, as for the etch rate, the reaction container pressure showed that it was [ about 35nm ] a part for /. 
This etch rate is about 8 times the speed of this to the argon ion etching method etching of a magnetic 
material was performed conventionally. Moreover, the ratio of etching speed to Si of a permalloy and 
the ratio of etching speed to the alumino way silica glass of a permalloy are 4 and 9, respectively as 
shown also in drawing 3 . That is, it turns out that the reactive-ion-etching method of this invention acts 
alternatively to a magnetic material, and there is effectiveness which was excellent to the magnetic 
material which uses transition metals as a component. 

[0020] CO gas and NH3 The method of gas and this invention using gas, such as nitrogen-containing 
amines, further has the same operation effect also to the alloy and compound of the magnetic material 
which uses transition metals as a component, for example, Fe, nickel, and Co, a Co-Cr alloy, the Sendust 
alloy (Fe-Si-aluminum), Cu and Mo, and these various elements, without being restricted to the above- 
mentioned permalloy. Moreover, as long as a means to generate the plasma of these reactant gas is a 
means to generate the glow discharge plasma under reduced pressure, any of the method using the 
direct-current high voltage, a RF, and microwave are sufficient, and electrode structures may be 
whatever, such as a capacity join parallel plate electrode, a magnetron electrode, an inductive-coupling 
mold electrode, cyclotron Resonance plasma, helicon wave plasma, and a super magnetron electrode. 
[0021] About etching actuation, it can set according to the presentation of the target magnetic material, 
thickness, a necessary etching precision, etc., for example in consideration of the optimum conditions in 
the case of the above-mentioned permalloy, i.e., 49mol%NH3-CO, a 2.4xlO-8Torr degree of vacuum, 
etc. It can set up suitably similarly about temperature conditions. 
[0022] Hereafter, an example is shown and this invention is explained in more detail. 
[0023] 
[Example] 

Reactive ion etching of this invention was performed by making example 180 permalloy (80%nickel-Fe) 
into a workpiece. First, a workpiece forms the thin film of 80 about 600nm permalloys in Si single 
crystal with a field (100) by the sputtering method, and is Si02 in a part of the surface. It should cover 
with the mask. 

[0024] 100cm2 which have the parallel plate electrode of a capacity-coupling mold, and held the 
workpiece (1 1) in the reaction section of a reactive ion etching system as shown in drawing 3 It enabled 
it to impress a 13.56MHz RF (13) to an electrode (12) with area through a blocking capacitor (14). The 
grounded counterelectrode (15) which separates the gap of 35mm to the electrode (1 1), and has a large 
area in it was prepared. In addition, the electrode (12) holding a workpiece was (16) water-cooled 16 
Carried out, and held workpiece (1) temperature in ordinary temperature. On the other hand, introducing 
49mol%NH3-CO mixed-gas (17) by nine cc flow rate for /, it exhausted with the turbo molecular pump 
(18) of large displacement, the throttle valve (19) of an exhaust port was adjusted, and the degree of 
vacuum in a reaction container was held to 2.4x1 0-8Torr. 

[0025] Next, bet the RF of SOW, inter-electrode was made to generate the plasma, and etching 
processing was performed for 10 minutes. Power flux density is 0.5 W/cm2. It carried out. After reaction 
termination and Si02 The mask was removed, the level difference of the portion covered with the mask 
and the portion which was not covered was measured with Fabry-Perot interferometer, and the 
configuration of a level difference was observed with the scanning electron microscope. 
[0026] Consequently, the level difference produced by etching is 347nm, and it turned out in unit time 
amount that etching speed is a part for 35nm/. Moreover, the configuration of a level difference rises 
[ perpendicularly ] steeply and was sharp, neither the undercut nor the **** broth of weld flash was 
seen, but the result configuration after etching was good. 

Reactive ion etching of this invention was performed by making an example 2 Co-Cr alloy (Co-9.98% 
Cr) into a workpiece. 

[0027] A workpiece is a Co-Cr alloy thin film with a thickness of about 300nm formed on Si single 
crystal wafer which has a field (100) with a vacuum deposition method. The pressure of a reaction 
container is almost equal to an example 1, it is 2.5xl0-8Torr, and reaction time is 5.0 minutes. Other 
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conditions are the same as an example L Measurement of the level difference of a boundary with a 
carrier beam portion and the steepness of a level difference were observed for the portion covered with 
the mask on a Co-Cr alloy thin film as mentioned above and the portion which is not covered, i.e., the 
portion which did not receive etching, and etching. 

[0028] Consequently, the height of a level difference is 122nm and it turned out that it is a part for 
24.4nm/in etching speed to a Co-Cr alloy. Moreover, it was perpendicular, and the configuration of a 
level difference also had few burrs and was good. 
[0029] 

[Effect of the Invention] By this invention, reactive ion etching to the magnetic material which uses the 
difficult transition-metals element as a principal component conventionally becomes possible, and micro 
processing of a magnetic alloy can be realized as explained in detail above. Moreover, production of the 
quantum effect magnetic cell realized in the future is also attained. Furthermore, since etching speed is 
large, the time amount which the micro-processing process of a magnetic material takes is shortened, 
and improvement in productive efficiency is attained. Since there is a property in which only transition 
metals are etched alternatively further again, the limited conditions of a mask material decrease and 
versatility becomes good in the configuration of a micro-processing process. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The reactant gas and NH3 which are introduced into a plasma reaction container in the 
reactive-ion-etching method by this invention It is NH3 when the pressure of 9 cc/min and a reaction 
vessel is set constant for the flow rate of the mixed gas of CO with 3.6xlO-3Torr. It is related drawing 
having shown the relation of the etching speed of the permalloy about mol concentration. 
[Drawing 2] The reactant gas and NH3 which are introduced into a plasma reaction container in the 
reactive-ion-etching method by this invention When mol concentration of 9 cc/min and NH3 is fixed for 
the flow rate of the mixed gas of CO with 49-mol%, it is related drawing having shown the relation of 
the etching speed of the permalloy about the pressure of a reaction vessel. 

[Drawing 3] It is the schematic diagram showing the configuration of the reactive ion etching system in 
an example by this invention. 

[Drawing 4] It is the schematic diagram showing the configuration of the argon ion etching equipment 
of a conventional method. 
[Description of Notations] 

11 Workpiece 

12 RF Electrode 

13 RF Transmitter 

14 Blocking Capacitor 

15 Counterelectrode (Earth Electrode) 

16 Cooling Water 
17NH3-CO Mixed Gas 

18 Turbo Molecular Pump 

19 Slot Bulb 
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DRAWINGS 
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[0 0 0 8] fcA^jl^x-y^V^a^tiv W^bfca 

y^Srea, T7i/dr>"i'^-y<ox/^-y ^ U y ?WJBfcffl 

Ito 

[0 0 0 9] ^:*3. i8ttW<9i§£-lcKJS14'l'#yx-y 

^-5. glS14^^yx-y^-vy"TH±, 79Xv4>T*5g£ 
L7tSfS**x«{b¥ff!i}S14aT-^5-i'*ys ^-y*;K 
*tt«^«arax%S<D^BSicKSL, «fctaxti«ffi^fk 
*EJS*fft\ '(St/^-&x^;l/4 ;: -«r'£>oStSJi«:Jgfi!t 
t§ 0 ^<1T% «Anx^i<7)*S«y , -7Xv*T*iE'i'*y 
50 G9flil<Die!gk:£'=>£tiTl^5o ccotctb. iK'&x^.;!/ 
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¥-tf®zh,rc&m&&mimmmc (x/w * y >^ 

[0 0 10] «aBS*S»o«*3i***-«*©*MI© 

WBrSnS. ££Zt>\ Wfr&mT&k CfckAfcf F e, 
N i) fc±rit#k?-3«tt*m (0<J*tf/<-vu^) T? 
SiS1!fe>f*>'Xy^y^ffl^6nSCF4 , CC 

ayvffc-a* (fttx.HFeCh , F e C 1 3 , N i 

■SWltS i G 1 4 , G a C 1 3 §©¥S*{*7CSg<Q/NPy 

vfc-SWcifc&bT. ^x^V^-tfteSfrtc*^ . 

[0 0 1 1] fCf, C<0P^*^'T5 1 £.^i:bT v 
K. Kinoshita£lc<fca#^*VX>y?->yi£ (K. Kin . 
oshita, K. Yamada and H. Matutera. IEEE Trans. Mag 
n.. 27 0 981), 4888.)#ffiSgSttT*3t> v CCh 

7X7%H^- iKWfcy-^xfb^KjS^tein*., «An 

X%%2 7 0-3 7 ortiD^-rSCt^ltlSilbTV^ 

[0 0 12] bfrbfctf^ COT^ST'li, 1smm&& 30 

l^5«T% ffl^bS'XhVXi'lC^boTtf^X (S 
i O2 ) -^T^l/S^ (Ah Os ) ^CD»&14<£><fcl^fl8 

1 - a i -&•#) ic«w^T'^s*^ zoxmm.&mn, 

JJF e% A-?D1' (F e-NT^) * Cu 

[0 0 13] 8ttt«fiteWr*R«1!t-f3i-5/xy 40 
^•>yj£»c|| bT> Mls^fcfo3k%:V&fi.? ZTcttXD&tl 
fe%«nT#TV^„ -SKt^Jfl (CO) iiWf^X 
•?%<(&vJj&:ftMZ-l£s M. J.Vasile£ J. Mogablc <fc t) ffi 
^StlTVS. (M.J. VasiletJ. Mogab. J. Vac. Sci. 

Techno I. A4(1986). 1841. )<, C cD/^ffiTHi, COOffi 
14^ ;Hc <fc t> 8^I!»z>iS;&£»£ffi"«S&&S* 
-^;Wt^ (Fe (CO) s , Ni (CO) 4 , C 

02 (CO) 5 H) 

*^ttx/< >y * y yyttifc * ^ *n*«4*H 0 . x >y 

fy?f5C^WIli:ttM. S^S*-^ -50 



(3) ' Wf.8-2 5 388 1 

4 

[0 0 1 4] c©58U3«u JJLhwatxDWmdg^T* 

<y?-;/y;&pIftgtc-r5<l£©T'£S, StL/1>73^*«^ 
10 [0 0 1 5] 

gSigtfXfcKJStfX f: LT^JH * fcfci^&^B^X >y =f- 

fV^'f? ? C £*<&&£?& F7^i7fy^«: 
[0 0 16] 

imsi -r&fc*-, comm.. vtco-wntmmis*-? 

t,>5„ ^st?, co^m ^X-^tfT'^tO^— 
{fc£J&i: itjTO ffi^lK^f* £ 4 AS© j§agi-f * >*» £ 
&3C02 ^(c^MPb. ^AbfcCO»?ttS^S 

So. 

[0 0 17] 

lit 1 ] 

2 CO < »C+CO» 

[0 0 1 8] %£T\ Ccomi^li. £<D^m—it&JS 
*mc?<-&lSi\,^i3\ feb<t±jSe.H*-Sfc:460^^rX-7 
X-^f icAn^SCk^MbfCo «fc»?*f*W»cl±. NH 
3 ^8*7^ >**X, Ha STjX, SO2 #X, S 

SF4 *fX, H2 S*fX. H2 ^X, HC1** 
X, CC14 mSHs CH4 **X, C H C 1 3 #X. CH 
2 C 12 *fX, CHC 13 y?X. C F4 #X. CHFs 
j!fX. CH2 F2 #X, CHFs ^XS^ftlftVT'? 
X-x'SJSSggtt'^aS^FXT'^?. C OA'Xi: t felC^A 

b. M»«Ti+%fflt^r*fi!c-rs^a<o«a*iBiJ^b 
{fcsjfo ( i ) set tfttw b 

fc 0 Sfc, ^lc> SJS1t^*>x»y^v^B»c#X-r 
SNHs H«**Xi:CO**XiDS-&tt^:SA*^?.> * 
KHc^-v a -f S^tDSJStt-f * >x y ^ ^y«rff l\ 
x-y^vy<OjiS^aiJ^bfc. tt««^«6fcS i (1 0 
0) T7l/^ya^SS!^X (3-->7*7 0 

5 9^X) Icot^felBl-^T'X-y^vy^fo 
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[0 0 19] 01 tt*©«iife*t6fttOT85 e *T 

yji^fti, 1. 3 nm/#T-&£OK#LT. N Ha # 
X^«a^iiijn*rS^onT^U 4 9 mo 1 %NH 

3 -co©ffl*-e«S**fxL, xyfy{ri?tt3Bi 1 

nm/^^-eit^b^Co 2e>K> NHs 

X£ C QtfXtfttfiFTS C fctffWB»*0±frM«W 
#aS6«*«f"P4 9 mo 1 %NHa .- C 0Offij£<E>KJS 

t>> SiS^XcoSiS^rtT^ffi^^k^^ xy* . 

v^a**aiiieLftt»*a«Lftt?)"c**c cos 2 

fttfyU ,2. 4XlO- 8 T'ofr^T«^U , 
$53 5 n m/#:?&£<l ttffriP-oTco C©lyf^ ( 

^/ci3let/Tl/cit), vn^OS itcfcTTSx 

^x^T^x^^^^ii^^lt^^ fti^tuRU 
9t«o *ra£>^> cco^co5jstt>r^vx^^v 

[0 0 2 0] COtfX^NHs tfX, S£fcai^if?7 P 
^^SHO^X^JBl^Cc0^O7??*^x ±B$W 

tctTLli, Fe, Ni, Co, Co-Cr^, 
•fey^X h-S*^ (Fe-Si-Al), Cu, Mo. cl 

[002.1] xyfy^KWlcp^Tii, ;fc£Afcf±B 

4 9mo 1 %NH3 -CO, 

2. 4 X 1 0" 8 T o r rX^fi 

[0 0 2 2] «T..*fifcflW«:*bS6k:»L/<i:o«fl8 
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[00 2 3] 

tufiseii] 

8 0/^7D^ (80%Ni-Fe) ^rlftinX^^ L 
t\ £©^*>Efctt>f*:/x**:/y*fTo;fc. £ 
f,"«ini»ii, -(i oo) ffi*t^s-i*tS»teX/< 

y*U t)*?J 6 0 0nm<0 8 0^-VP^(?)I 

70 ofc^O^Ufco 

[0 0 2 4] 'BJlcSLftiD, B5tt^*>x»vfV 

U MjtoXW (11) ZUnhtc 100cm 2 <Dffi*B£: ' 
fe'oftai.O. 2) »C1 3.'-5 6MHzC0KJ9« (1 3) 
^/Dy+^ayfvtl- (14) fc^LTfliftrc?**. 
'«fc5'*CLfc 0 ffldWi U 1) iC3 SmmCOHSi^PiT 
T/t^™*tOj(^Lfe«lftimi (15) *W*'fc. 

• a*^ «tax»*«»bfc«« (12) a, *»(i 
6) U «Anx% (i) JB**HW»c«»bfco 

20 , 4 9,mo 1 %NHa -CbS'&tfX (1 7) ^9cc/ 

(18) t»aU,»an©XDyh;WVl/^ (1 9) 
. ft«iBbT. E*SSSrt<0JlffiS*2. 4XlO" 8 To 
r r fcfiWLfto 

[002 5] 5.ovj<Dmmfe*Mfxmmmte7 

ftfjffia»iO. 5W/cm 2 fcbfco KJS**T&. S i 
O2 VX**Rfc£U vX^*c*0HtotlT^Vt*» 

[0 0 2 6] *OlS*. X^^V^JCcfcO^Cfcaig 
!4 v 3 4.7nmW^ *«WMBlC*fc!K XyfyjT 
582ti3 5 nm/»t?*5<:i:^ofc 

ofco 

Co-Cr^(Co-9. 9 8%C r) *«ftPX«lfc 
40 LT> CCDSSWOKlStt^^Vxy^v^fTofco 

[00 2 7] tttaXWiXaSKttttK:* D (100)1 
SrtoS i JWSa*x7r±fc»*Lfti«»93 0 0 n 
m^Co-Cr ^»K*e«So EJS^§8^EE*ti*SS 
Ilfc{J(?fL<, 2. 5X 1 O- 8 To r r"P8^ S 

— TS5o JCLhOidteLT. Co-Cr^»I±^ 

^x^^s^nri^gp^^s^nTi^ai^^ *ra 
to%xyfym»ftfrofc»»txyfyj^»J 

50 /Co 
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[0 0 2 8] ^r<omm. Sg<DifiSS« 1 2 2 n mt*$ 
tK Co-C r-£&\Ctt1rZ£-y<?-Wm-£2 4. 4n 

[0 0 2 9] 

ati$««tc^-r s SiStt-i' * >x <y ^ v >?» aim t & 

[HEcDlW&i&fE] 

[01] COD^Wtc.fcSSJSIfi'^Vx-y^v^'^jiH: 

tev>r. -/^xysj^stc^X-rsM^^x. nhj 

t C O<0i!-&;*fX<£>M£fi3: 9 c c /m i n , froKJStf 
<DE.tJ*:3. 6X 1 0" 3 T o r r i: — ^£Lfc£:*. N 



10 



20 



[02] C05gW»C<fc3K&14^*VX«y?-> ; 7*;£ttfc: 
*5<,>T. V^X^S^ggtcSSA-rsS^X. NH 3 
^ C O<0ig-&«rx<0»SS^r 9 c.c/m i n, froNHs 
©^MSS^ 4 9 mo 1 %£— SKLfcfc£, SJfctt© 
\cmt %>' <— V D ■< <0X -y V-J^jf S <D W&fc^ L 
tf:W&0T?&5o 

[0 3] C^WT'l^flfi^Jtc^^SS^ttl'^^x-y ^ 

[0 4] 1lf*ji©>';l/dr>'rl'*VX-y^>y«HO«|fi!c 
«r^-r«lfflS0T*5o 
[ft^ittHH] 
i l 

12 AMttflUi 
1 3 AJ3i$%i@% 
• 14 XDy4 s > , y3^'T>'9' 

i 5 . Ktmm. immm 
1 6 mji* 

17 NHs -COI^ 

,' 1 8, ' 
19 XP-yWVb:/ 
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■^Permalloy 
*■ Silicon 
•^77059 glass 
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